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Wc, Lapobte Chemicals Limited, a 
British Company, of Kingsway, Luton, Bed- 
fordshire, do hereby declare the invention, for 
which wc pray that a patent may be granted to 

5 us, and the method by which it is to be per- 
formed, to be particularly described in and by 
the following statement: — 

This invention relates to a process for pre- 
paration of halogenated hydrocarbons, and 

10 more particularly for the preparation of halo- 
flu oro derivatives of hydrocarbons containing 
from one to fifteen carbon atoms. 

The present invention provides a process for 
the halofmorination of hydrocarbons 5 ejected. 

15 from straight chain saturated hydrocarbons and 
straight chain ethylenically unsaturated hydro- 
carbons each having up to 15 carbon atoms in 
the molecule, which comprises the step of re- 
acting the hydrocarbon in the vapour phase 

20 and at a temperature of from 200 to 650° C. 
simultaneously with hydrogen fluoride and 
chlorine, bromine or iodine in a reactor in 
the presence of elemental carbon and, at least 
when the process is the chlorofluorination of 

25 methane, in the absence of any metallic halide 
catalyst; the reaction being conducted at a 
pressure of at least 0.5 atmosphere and with 
a residence time of reactants in the reactor 
being from 0.1 to 200 seconds. 

30 The term halofluorination employed herein 
refers to chlorofluorination, bromcfluorination 
or iodofluorination and the term halofiuoro- 
hydrocarbom similarly refers to chlorofluoro- 
hydrocarbonfr, bromofluorohydrocarbons or 

35 ic^ofluorohydrocarbons. 

The carbon employed can be activated or 
non-activated and can be of any particle size or 
porosity which does not cause blockage in the 
reactor. It can be employed as a static bed or 

40 as a fluid iscd bed. 

The_.c&ndit40DS of reaction temperature 

[Price 



and pressure and residence times arc of 
course interrelated but the general require- 
ments are that the temperature shall be from 
200 to 650° C t preferably from 400 to 45 
550° C The halogcnation proceeds most 
effectively above 400° G, incomplete replace- 
ment of hydrogen by halogen being likely 
below 400° C As the temperature is raised, 
degradation of the reaction product tends to 50 
occur, the degradation being substantial at 
temperatures over 550° C. and undesirably 
great above 650° C. The desired temperature 
can be achieved for example by external heat- 
ing of the reactor and/or by preheating at 55 
least one of the gases or vapours to be intro- 
duced. 

As previously stated, as the reaction tem- 
perature is raised degradation of the reaction 
product tends to occur. This feature of the 60 
process can be turned to advantage in that by 
suitable choice of reaction temperature, re- 
sidence time and proportions of the react- 
anrs it is possible, when the hydrocarbon used 
contains from 3 to 15 carbon atoms, to pro- 65 
duce a product consisting of or containing at . 
least one chlcrofluorornethane. This embodi- • 
meat of the process is illustrated in Example 
15 herein. 

Since the reactant halogen and hydrocarbon 70 
may Tcact violently at elevatsd temperature, it 
may be preferred either to maintain the part 
of the carbon bed at which they are introduced 
below the optimum temperature required for 
the reaction and/or to introduce a diluent gas. 75 
The diluent gas can be, for example one or 
more of an inert gas such as nitrogen, hydro- 
gen halide produced in the reaction or other 
recycled gaseous products of the reaction, or 
hydrogen fluoride in excess of that required for 80 
• the reaction. 

The residence time in the reactor is defined 
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fee Volume » the carbon M\ «r fcWf ™^l^Stad to simultaneous «n« 

rae of introduction of gas atto Si met har,e with hydrogen fluoride and 

to ccs. per second; the volume of gas rfltro- ot ^g,, the main producis of 70 

too the reactor bang rneasuied at the enxmtir «W «»■ 

leacrion temperature and Prepare. ^ mchloromoiiofluorornettarit and di- 

process at appnsimately atmospheric ipres- au "°. ^ aspe ctof :he invennon which 

L^rJcss the product separation is to he £ * e ro ^\^ Ioflu0 rin«ion of straight 75 

S3«d out at elevated pr**™"*" 1 c^Jrurated or ethylenicalJy — «* 

found more convenient to o^ate t^taW w ^ {rom 2 I0 lS carbon 

genauon at the same wessure as the -fP^f, ^ - m & t molecule, the temperature isprc- 

Hevated pressure wirto the range 5 to U atoms n ^ ^ Q ^ ^ 

Smo^hares will usually be convenient for «odi/ from j w 10O seconds and 80 

saa^FSsJS « ^ obtained r 

ft provides high yields H.^£k£gS saturated and unsaturated materials whether 

compounds. The prefo pc. * or not the starting material was saturated 

here to indicate the absence of hydrogen in ^ r£accor should, of course, be con- 

the compounds. „™« a tnrt. structed from materials which are resistant to 90 

It is possible by varying the ^ ra f^ atlfl(± by ^ rea cuon mixture. Smtable mater- 
rcsidencc time and proportion ^ ^stainless steel, nickel, Monel, IhGoad. 
alter the proportion of the particmar com „ ( ^ Monel, inconel and 
A«^ itM ^P°^S? affi* ire registered Trade Marks) or 
30 L drastic conditions to ^umhalotom- ^ ^bon. The reactor can be 95 
compounds containing hydrogen. g™^J f k Jn die f orm 0 f a tube, the re- 
ader more drastic £ Sants being introduced at or near one end 
i» possible to obtain perfluoro^mr^md^ l a * oul ^ near the 

general it is «^ » """"^^X S*bt eni Oxygen cm jf desired be removed 

35 of compounds with high ftiannfi content for om flushing the reactor 100 

ciampk CC1F 3 ) to ^°^ C S% l °Z vXthe diluent gas referred to above 
fluorine content (for ^ example °* A f orm 0 f apparatus suitable for the re- 
employing an increased tempe »tu«^ot trom com p risc g a substantially vertical cylm- 

400 to 550° C, an increased i^dence time ^ ^ colunm oamaiaiiig * .siaiir 

vritbirt the stated range of from 0. l» 200 ^icai fa fa a _ ^ 

seconds, or an increased ratio of hydrogen cot^ ^ ^ ^ ^ 

fluoride to hydrocarbon. f ^ rcactants is situated at the top of the 

The halogenated <«P™* ^„Ju column. An outlet leads from the base of the 
separated from the product S^st^^ich ^ polyethylene vessel, thence 

may contain diluent gas or ^^f led ^ a K Sk scrubbing tower, a water con- 110 

anrs, by fractionsl djsollawan or other known ^^j> & ^ ^ drying column and tw0 

"tJ^e aspect, the present invention ore- traps cooled in a solid carbon dioxide/acetone 
vides a process for the halogenati on o thc re:lc tant S are mixed and 
wherdhthe methane is reacted simul aflfiotfily » °P C ^ > f ^ rtM£0P . -r^e 115 

with hydrcgeu ^ ide ^ rp t^^ L^he pVlySylene veWl acts as a trap for a D y 
able reactor » elevated ^F^ran^: m ^e poy ^ ^ ^ 
presence of elemental carbon and in tne ^ i« (( b „ fracuon); the 
SESce of, any rnetaUic ^Vftted If the react4 and 
55 reaction being conducted m the £P°« R££ ^reacted hydrogen fluoride in the pro- 120 
and the temperature Set removed in the KOH scrubber, the 
time being sucli that there is m the product duc^arc trcra^ ^ ^ amed 
at least one chlcnrofiuoromrthane-^ RQH £Crubbcr the re- 
in thi«! ascect of the mvennon, the tern- over trom xne « , boiling " 

r SilSL ^= »V- l A^Se ^^"^bodirnent of the inv.n- 
S ^^.f^^ererX d^STU— ia the reactor a tem- 
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rwratuxe gradient rising from below the re- 
action temperature to the reaction tempera- 
ture and in which at least one of the rcactauts 
is introduced into the reactor at a tempera- 
ture below the reaction temperature. In another 
embodiment all the reactanrs arc introduced 
into lie reactor in admixture and at a tem- 
perature below the reaction temperature. 

In certain cases an advantage maybe gained 
in the reaction with hydrocarbons having from 
2 to 15 carbon atoms in the molecule by the 
presence of a metallic halide catalyst which 
may be carried on the carbon. 

The mixture of products obtained using 
ethane is substantially the same as that given 
by ethylene. With both starting materials the 
product usually includes the following com- 
pounds: 

1 ,2,2-trifluoro-l , 1 ,2-trichlwo-ethanc; 
l^-difluoro-,1 ,I»2>tctrachloro-ctnane ; 
l-fluoro-^l^Z^-pentachloro-ethane per- 
chloroethylene and trichloroethylerte. 

We have found that under similar conditions 
products obtained from propane and propylene 
contain a greater proportion of fiuorinated pro- 
ducts than do the products obtained from 
ethane and ethylene. The products given by 
propane and propylene are for example 1,1,1- 
trifluoro-2,3^-trichbro-prop-2-ene; M* 1 "*"- 
fluoro- 3,3-dichloro-prop-2-ene and 1,1,- 
difluoro-l^^-Trichloro-prop-^enej and in 
addition, if fragmentation has taken place, 



perchloroetbylene, mononuorotrichloro-mcth- 
ane and di-fluoro-dicbloro-merhane are also 
obtained. l^jl-Trifluoro-Z^^-trichloro^rop- 
2-ene and 1,1,1-trifLuoro- 3,3-mcruoro-prop- 
2-ene, can both be oxidised to the extremely 
useful compound trichloroacetic acid. 

It has also been found that when pentane 
is reacted simultaneously with hydrogen 
fluoride and chlorine in accordance with the 
process of the invention the reaction product 
may contain over 90% by weight of cyclic 
chlorofluoro compounds. 

Accordingly the present invention also pro- 
vides a process for the production of cyclic 
chlorofluoro-campounds having a five- 
membcred carbon ring wherein n-pentanc is 
reacted in die vapour phase at a temperature 
of from 200 to 650° C. simultaneously with 
hydrogen fluoride and chlorine in a reactor 
in the presence" of elemental carbon, the re- 
action being conducted at a pressure of at 
least 0.5 atmospheres and with a residence 
time in the reactor of from 0.1 to 200 seconds. 

The reaction product from a hydrocarbon 
selected from hydrocarbons containing from 
4 to 15 carbon atoms in the molecule is a 
complex mixture of halogenated compounds. 

Isolation of these compounds from one an- 
other is a lengthy process but we have been 
able to establish that m all cases the product is 
highly fiuorinated and almost always* con- 
tains same unsaturated compounds. 

The extent of the fluoridation in the pro- 
duct from, hydrofluoric acid, chlorine and 
various hydrocarbons is shown in table 1. 
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Table 1 






Amount of fluorine % 


weight/weight 


Starting material 


"High boning" 
fraction 


"Low boiling" 
fraction 


n-butane 


13.1 


36.4 


bum dime 


13.1 


35.4 


n-pentanc 


15.6 


25.2 


n-heptane 


19.2 


38.0 


n-nonane 


19.7 




Cj 4 — C 1S paraffin mixture 


18.3 





70 



75 



In the case of n-nonanc and the Cu/Cu 
paraffin mixture no product was obtained in 
the solid carbon dioxide/acetone trap. How- 
ever analysis of the gas stream leaving the 
trap showed that cMorofluomcompounds of 
low molecular weight (for example trichloro- 
fluenxanethane and dichlorodifluoromethane) 



were present, indicating that cleavage of the 
starting material has occurred. 

Starting material with the same number of 
carbon atoms, whether saturated or not, give 
substantially the same products. For example, 
as shown in the table, in a typical run starring 
with butane, the amount of fluorine in the 
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Mah boiling product was 13.17, by weight and 
S^ie tow bailing product 36.4% by weight, 
whilst starting with butadiene t>e figures were 
13.1% and 35.4% respectively. The products 

5 from both butane and butadiene contained 
the same degree of saturation, and analysis by 
vapour phase chromatography and inrra-rea 
spectroscopy showed that the product from 
. butane was markedly similar to that from 

10 butadiens. ... 

The following Examples illustrate some 
applications of the invention, when carried 
out on a laboratory and pilot plant scale. 

Example 1. 

15 The reactor employed for this Example and 
for Examples 2 to 11 was a vertical stainless 
steel tube enclosed in an electrically heated 
iadcet- 440 ccs. of granulated cuke were packed 
into the reactor to form a static bed of carbon 
O0 The reactor was than heated to 440° C. and 
nitrogen gas was flushed through the factor 
' at ante of 54 ccs /mm for 2 hours. Methane 
and chlorine were then introduced into the 
reactor together with the nitrogen, the methane 
25 at a rate of 60 ccs/rmn aiid the choice at a 
rate of 240 ccs/min. Alter passage of methane 
and chlorine had begun, anhydrous hydrogen 
fluoride was introduced into the reactor at a 
rate of 1<30 ccs./min- Nitrogen, was introduced 
30 throughout the reaction. The mean tempera- 
ture m the reacmr was 432° G and the resid- 
ence time of the reactants was 21.0 seconds. 
The product leaving the reactor contained 
hydrogen chloride and a mirfure of chloro- 
35 fluorocompounds. 

The effluent gas stream from the reactor 
was washed with aqueous caustic potash solu- 
tion so as to remove the acidic constituents 
hydrogen chloride, hydrogen fluoride and 
40 chlorine. Thereafter the gas stream ^ dned 
by bubbling it through concentrated sulphuric 
acid and the lower boiling point components 
were condensed from the gas s*eam by means 
of fin acetone/solid carbon dioxide trap and a 
45 liquid nitrogen trap arranged in seoes. 

The run was continued for four hours, 
when the acetone/solid carbon dioxide trap 
contained 31-0 ccs. liquid cJdarofluorocarbons 
and the liquid nitrogen trap contained solids 
50 equivalent to 4.2 ccs. liquid chloroftuoro- 
carbons. The main products were tnchiora- 
monofiuoro-methane (CG*F) and dichlorodi- 
fluoxamethane (CCl 2 F 3 \ Tht ratio of 
CQjFiCGcFa in the combined product was 
55 2.6 :l/ The percentage conversion to the 
desired chlorofluoro-compounds was J/- 0 /* 
of the methane and 82.0% of the chlorine 
introduced into the reactor. 
Examples 2—5 below follow the basic pro- 



cedure of Example 1 but have certain differ- 60 
ences which are described below. 



Example 2. 
The differences between this Example and 
Ej^mple 1 were that the mean temperature 
in the reactor was 429° C. and the residence 65 
time 21.3 .seconds. .The product in. this 
Example was again a mixture of chlorofluoro- 
compounds, and the main products were again 
uichloromonoHuoromethane and dichlorodi- 
difluoromethaue but their ratio in the product /u 
was 2.4: 1. 

Example 3. 
In this Example the nitrogen was introduced 
into the reactor at a rate of 104 *? 
mean temperature in the reactor was 423 °C, n 
and the residence rime was 19.4 seconds. The 
run was continued for 4.15 hours when the 
first trap contained 33.2 ccs. and the second 
trap 9.0 ccs. of product, The ratio of 
CCl 3 F:CCl,F a in the product was 2.0: 1 and SO 
the percentage conversions of methane and 
chlorine were 76.5 and. 81.0 respectively. 

Example 4. 
In this Example the nitrogen was intro- 
duced at a rate of 150 cc$./min and : the hydro- » 
gen fluoride ax 90 ccs/min. The mean tem- 
perature was 425° C. and the residence omc 
was 20.4 seconds. The run was continued for 
1\ hours when the first trap contained 20.0 ccs. 
and the second trap 2.7 ccs. of product. The 90 
ratio of CChF:CCl : F = in the product was 
3.1:1 and the percentage conversion of 
methane and chlorine were 70.0 and 83.4 
respectively. 

Elf ample 5. . 95 

In this Example the nitrogen was intro- 
duced at a rate of 200 ccs/min and the hydro- 
gen fluoride at a rate of 130 ccs/min. The 
mean temperature was 423 3 C and the resid- 
ence time was 17 5 seconds. The run was con- 100 
tinucd for 13.6 hours when the first trap con- 
tained 23.6 and the second trap 6.2 ccs. of 
product. The ratio of CO,F : CC\J?i in rbe 
product was 1.6:1. Significant quantities of 
chiorofluOTa compounds containing hydrogen, 105 
especially CHC1F* and CHC1=F were also 
produced in this Example. The percentage 
. conversions of methane and chlorine were 71-0 
and 82.0 respectively. 

Table 2 summarises Examples 6 to 10 and 110 
shows the effect on the product of the chlcro- 
fluorination of methane of adjusting^ the tem- 
perature, residence time and proportion of re- 
actants. 
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350—400° C in the bottom half of the bed. 
The icactanrs were introduced into the re- 
actor at the following rates : 



methane 
chlorine 

hydrogen fluoride 
diluent 



1000 cc/min 
4000 cc/min 
2000 cc/min 
11000 ccs-/min 



10 



15 



Part of the reaction product was recycled 
so that the diluent had the following com- 
position (molar %)■ 



ecu 

CCL^ 
CC1 3 F S 
COF, 
CF 4 

Nitrogen 



0.3% 
11.8% 
45.0% 
4.0% 
4.0% 
34.9% 



The residence time was 29.4 seconds and 
ihe run was continued for 6 hours. The per- 



centage conversion of methane wa s $6% and 
the product contained 

375% trichloromonofiuoromethane 
59.0% dichloro-difiuoromethine 
3 .3% monochlorotrifluoromerhane -H teira- 

fluoromethane 

carbon tetrachloride 

Example 15. 
The reactor employed was a stainless steel 
reactor of the type described above having a 
carbon bed volume of 1000 ccs. and heated 
to 450° C The gases in the gas mixture fed 
into the reactor were introduced at the follow- 
ing rates (measured at room Temperature and 
pressure): nitrogen 48 cci/min, propylene 
87 cc/min, chlorine 522 cc/min and hydro- 
gen fluoride 261 cc/min. The residence time 
was 25 seconds. The run was continued for 
five hours. The combined product from the 
polyethylene and cold traps was a halogenated 
mixture having the following composition by 
weight: 



20 



25 



30 



35 



40 



l,l J l-triflucrCH2,3 J 3-Trichlo(ro-prop-2-ene 


45.5% 


144-mfluoro-3,3-dicliloro-ptop-2-etie 


34.2% 


I ) l^-trifluoro-l ? 3-djchloro-prop-2-cnje 


1-5% 


percHorethylene 


4.9% 


difluorodichloromethane 


0.1% 


monofiuorotricHorometbane 


1.2% 


others 


12.6% 



Example 16. 
A reaction similar to that in Example 15 was 
carried out using the same apparatus as. 
45 Example 15 but employing ethane in place of 
propylene, the temperature of the carbon bed 
being.again 450°- C and the rates of intro- 
duction of the gases being as follows (measured 



at room temperature and pressure); nitrogen 
450 cc/min, ethane 90 cc/min, chlorine 450 
cc/rnin, and hydrogen fluoride 360 cc/min. 
The residence time was 20 seconds and the 
run was continued for 7 hours. The combined 
product from the polyethylene and cold traps 
had the following composition by weight: — 



50 



55 



1, 1 -fluor o-l , 1 ££2^entacHaroetbane 


14.3% 


l^-difluc^l a l,2^2,-tetrachloroethane 


7.0% 


1,2,2-trifluoro l,l,2<ricWoroethane 


1-3% 


perchlorethylene 


61.4% 


trichlorerhylene 


5.2% 


others 


10.8% 
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Example 17. 
Chlorofiuorination of pcntane was carried 
oat in the reactor described in Examples 15 
and 16 being maintained at 450° C. by ex- 
5 ternal heating. The gas stream fed into the 
reactor was made up of nitrogen (250 cc/min.)» 
pentane (40 cc/min), the flow raxes being 



measured ax room temperature and pressure. 
The resjdeiKe time was 20 seconds and the 
run was continued for 51 hours. The product 10 
obtained from the polyethylene vessel (440 g) 
was a mixture of halogenated products with 
the following composition : — 



1 J,4A-t^3^o^23 3 5>tetrachbro-A2-^^P«itene 15% 

lJ^mfluoro-Z^^jS-pentacMoro-A^qyJopaateiie 36% 

M-difluorc-l^ASjS-hexacbbro-A^gKfopcntene 35% 

others 8 % 



15 The fraction of the product which condensed 
in the solid carbon dioxide/acetona trap (25 g) 
was found to contain 25.2% by weight of 
fluorine and included perchloroethylene. 

WHAT WE CLAIM IS: — 

20 1. A process for the hfljofluori nation of 
hydrocarbons selected from straight chain 
saturated hydrocarbons and straight chain 
ethyienically unsaturated hydrocarbons each 
having up to 15 carbon atoms in the molceulc 3 

25 which comprises the step of reacting the hydro- 
carbon in the vapour phase and at a tempera- 
ture of from 200 to 650° C. simultaneously 
with hydrogen fluoride and chlorine, bromine 
or iodine in a reactor in the presence of clc- 

30 mental carbon and, at least when the process 
is the chlorofiuorination of methane, in the 
absence of any metallic halide catalyst; the 
reaction being conducted at a pressure of at 
least 0.5 atmosphere and with a residence rime 

35 o£ rear tan ts in the reactor being from 0.1 to 
200 seconds. 

2. A process according to Claim 1 in which 
the reaction is conducted, and the reaction 
product is collected, at the same pressure of 

40 from 5 to 15 atmospheres. 

3. A process according to Claim 1 in which 
die hydrocarbon is methane, the reaction tem- 
perature is from 200 to 500° C, the reaction 
pressure is from 0.5 to 2 atmospheres, and 

45 the residence time of the reactants in the 
reactor is from 10 to 100 seconds. 

4- A process according to Claim 3 wherein 
the reaction temperature is from 400 to 
50O° C. 

50 5. A process according to any preceding 
claim wherein the pressure is atmospheric 
pressure. 

6. A process according to Claim 1 in which 
the hydrocarbon contains from 2 to 15 carbon 
55 atoms in the molecule, the reaction is con- 
ducted at a temperature of from 200 to 600° 



C. at atmospheric pressure and the residence 
time of tic reactants in the reactor is from 
1 to 100 seconds. 

7. A process as claimed in Qaim 6 wherein 60 
the hydrocarbon contains from 3 to 15 carbon 
atoms and is reacted with chlorine under such 
conditions of temperature, residence time and 
proportion of reactants that the product con- 
tains at least one chlorofluorcmetbaiie. 65 

8. A process according to Claim 6 in which 
the temperature is from 400 to 500° C 

9. A process according to either Qaim 6 or 
Claim 8 in, which the reaction is conducted 

in the absence of a metallic halide catalyst. 70 

10. A process according to any preceding 
claim in which the carbon is employed as a 
static bed. 

11. A process according to any preceding 
claim in which there is maintained in the 75 
reactor a temperature gradient rising from 
below the reaction temperature to the reaction 
temperature and in which at least one of the 
reactants is introduced into the reactor at a 
temperature below the reaction temperature. 80 

12. A process according to Claim 11 in 
which all the reactants are introduced into 
the reactor in admixture and at a temperature 
below the reaction temperature. 

13. A process according to any preceding 85 
claim in which a diluent gas is introduced 
with the reactants into the reactor. 

14. A process according to Claim 13 in 
which the diluent gas is nitrogen, 

15. A process according to any preceding 9Q 
claim in which the halogen is chlorine. 

16. A process according to any of Claims 
1 to 14 wherein the halogen is bromine. 

17. A process as claimed in Qaim 1 for 

the production of cyclic chtorofluoro-com- 95 
pounds having a fi.ve»membeied carbon ring 
wherein n~pentane is reacted in the vapour 
phase at a temperature of from 200 to 650° C. 
simultaneously with hydrogen fluoride and 
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chlorine in a reactor io the presence of ele- 
mental carbon, the reaction being conducted 
at a pressure of at least 0.5 aimospherts and 
with a residence lime in the reactor of from 
0.1 to 200 seconds. ■ . 

18 A process as claimed in Claim 17 suo- 
saadaUy as described with reference to 
Example 17. 

19 A process for the halofluonnation of 
hydrocarbons substantially as described in die 
Examples. 



20. Kalcflnorocompounds whenever pre- 
pared according to the process of the present 
invention. 

ELKIKGTON & FIFE, 
Chartered Patent Agents, 
High Hoibotn House, 52—54 High Holborn, 
London, W.C.I, 
Agents for the Applicants. 



